Helicobacter pylori has been considered to be non-invasive and to rarely infiltrate the gastric mucosa, even though there is an active Th1 immune response in the lamina propria of the H. pylori-infected stomach. To elucidate whether H. pylori invades the lamina propria and translocates to the gastric lymph nodes, we examined H. pylori in formalin-fixed and paraffin-embedded tissue sections of stomach and gastric lymph nodes obtained from 51 cancer patients using real-time PCR and immunohistochemistry (IHC) with a novel anti-H. pylori monoclonal antibody that recognizes lipopolysaccharides. Fresh gastric lymph nodes were used to culture for H. pylori. In 46 patients with H. pylori in the stomach, the bacterium was found in the lymph nodes from 21 patients by culture, 37 patients by PCR, and 29 patients by IHC. H. pylori captured by macrophages was found in the lamina propria of 39 patients. In the lymph nodes, the bacterium was found in many macrophages and a few interdigitating dendritic cells at the paracortical areas. H. pylori was also found in the intracellular canaliculi of parietal cells in 21 patients, but intracytoplasmic invasion into gastric epithelial cells was not identified. When compared to the commercially available anti-H. pylori antibodies, the novel antibody showed the highest sensitivity to detect H. pylori-positive macrophages, whereas no difference was found for H. pylori in the mucous layer. The H. pylori-positive macrophages in the lamina propria correlated with chronic gastritis as well as translocation of such cells to the lymph nodes. These results suggest that H. pylori-induced gastric epithelial damage allows the bacteria to invade the lamina propria and translocate to the gastric lymph nodes, which may chronically stimulate the immune system. The bacteria captured by macrophages, whether remaining alive or not, may contribute to the induction and development of H. pylori-induced chronic gastritis.
Helicobacter pylori infection is implicated in the pathogenesis of a number of digestive tract disorders, such as chronic active gastritis, peptic ulceration, gastric cancer, and mucosaassociated lymphoid tissue lymphoma. 1 Chronic active gastritis is the primary disorder that results from H. pylori colonization. This condition can potentially develop in all H. pylori-positive subjects.
2 H. pylori-induced ulcer disease, gastric cancer, and lymphoma are all complications of this chronic inflammation. 3 H. pylori-induced active gastritis is triggered primarily by H. pylori attaching to epithelial cells. 4 Once attached to the gastric epithelial cells, H. pylori injects effector molecules into gastric epithelial cells or the lamina propria via a type IV secretion system. 5 The CagA effector molecule activates the epithelial expression of interleukin (IL)-8, which causes polymorphonuclear (PMN) cell infiltration. 6 Another effector molecule, VacA, causes massive vacuolar degeneration of epithelial cells in vitro and epithelial erosion in vivo. 7 The development of H. pylori-induced chronic gastritis depends predominantly on the Th1-type T-cell response. 8, 9 The accumulation of H. pylori-specific CD4 þ T cells in the H. pylori-infected human gastric mucosa 10 suggests that CD4 þ T-cell-mediated Th1 immune responses have a critical role in the development of H. pylori-induced gastritis. Where
CD4
þ T cells are primed by H. pylori antigens and how the H. pylori-induced chronic inflammation is maintained by T cells, however, are unclear because H. pylori appears not to be invasive and rarely infiltrates the gastric mucosa. 11 H. pylori is generally observed only in the gastric mucous layer or in the spaces between gastric mucus-secreting cells, and not in the gastric epithelial cells or the lamina propria. 12 Although in the 1980s investigators emphasized the absence of H. pylori within the lamina propria, [13] [14] [15] the presence of H. pylori within the lamina propria of the human gastric mucosa was described in the 1990s. Both whole H. pylori and H. pylori-immunopositive material are found in the lamina propria of biopsy specimens from H. pylori-positive patients. 16 H. pylori surface proteins are also detected within the lamina propria of the gastric antrum from patients with H. pylori-associated gastritis. 17 In a study of patients with non-ulcer dysplasia, the presence of whole bacterial cells, mainly the coccoidal form, was described in the tunica propria of the gastric antrum. 18 The invasion of H. pylori into the lamina propria was confirmed by immunoelectron microscopy. 19, 20 These observations that H. pylori invades the gastric mucosa have not been integrated into the pathogenesis of H. pylori-associated gastritis, however, even in recent reviews, 1, 3, 11 but the presence of H. pylori in the lamina propria may be an important factor in the induction and development of gastric inflammation. H. pylori invasion of the lamina propria stimulates the mucosal inflammatory cells more intensely than does the bacterium attached to the epithelial cells. H. pylori that has invaded the gastric mucosa may translocate to the gastric lymph nodes and chronically stimulate the immune system.
The aim of the present study was to determine whether H. pylori invades the gastric mucosa and translocates to the draining lymph nodes. The stomach and gastric lymph nodes removed by surgery for gastric cancer were used for the study. To examine the possible translocation of the bacterium, a fresh gastric lymph node was removed before gastrectomy during surgery and cultured for H. pylori. To locate H. pylori in the formalin-fixed paraffin-embedded tissue sections, a novel monoclonal antibody (mAb) specific to the bacterium was developed, and the results of immunohistochemistry (IHC) with the antibody were compared to those with the commercially available anti-H. pylori polyclonal antibody (pAb) and mAb. Real-time PCR was used to detect H. pylori DNA in the histologic sections and the results were compared to those obtained with IHC.
MATERIALS AND METHODS Patients
A total of 51 consecutive patients with gastric cancer at the Japanese Red Cross Medical Center undergoing gastrectomy and lymph node dissection between April 2001 and April 2003 were enrolled in the study. Clinicopathologic profiles of the patients according to the classification of the World Health Organization 21 are shown in Table 1 . Written informed consent was obtained from all patients after explanation of the purpose of this study. The Ethics Committee of the medical center approved the study.
Sampling
One of the gastric lymph nodes along the lesser curvature, the no. 3 lymph nodes according to the Japanese classification of gastric carcinoma, 22 without metastasis was dissected before gastrectomy during surgery and hemisected with a sterile knife under sterile conditions. Half of the lymph node was processed for immediate diagnosis with frozen sections to confirm the absence of cancer metastasis. The other half of the tissue was placed in a Seed Tube 'HP' (Eiken Chemical Co. Ltd, Tokyo, Japan), and transported at 41C to a laboratory (Mitsubishi Chemical Medience, Tokyo, Japan) where the tissues were cultured within 24 h after the sampling. The stomach and gastric lymph nodes were fixed in 10% buffered formalin for 1 day and processed for routine pathologic examination. Paraffin-embedded tissue (3-4 cm in length) blocks of the stomach taken from the gastric body and antrum that were free from cancer spread were used for the study. Paraffin blocks that included all of the regional lymph nodes along the lesser curvature (no. 3 lymph nodes) and along the right gastroepiploic vessels (no. 4d lymph nodes) were also used for the study.
Culture
After the lymph node was weighed, the tissue was homogenized and diluted with Hanks' balanced salt solution (Invitrogen Co., CA, USA) and cultured on a selective agar plate (Columbia H. pylori agar; Becton Dickinson, MD, USA). The agar plate was incubated for 7 days at 351C in an incubator (Tabai Espec, Osaka, Japan) in an atmosphere containing 10% CO 2 . H. pylori was identified by its requirement for a 10% CO 2 atmosphere for growth and its typical morphology, and positive biologic tests (oxidase, catalase, and urease). The value of colony-forming units per gram tissue (CFU/g) was calculated by the number of colonies on the selective agar plate and dilution rate. Samples with one or more CFU/g were designated as having positive culture results.
mAb Production A novel mAb was developed to locate H. pylori on the formalin-fixed and paraffin-embedded tissue sections. mAbs were generated according to the protocol described in a laboratory manual 23 with modifications. BALB/c mice (CLEA Japan Inc., Tokyo, Japan) were immunized with sonicated whole bacterial lysate of H. pylori (a combination of strains ATCC 43504, ATCC 43579, and ATCC 43629). Hybridoma cell lines producing anti-H. pylori antibodies were checked by enzyme-linked immunosorbent assay (ELISA) with the bacterial antigens used as an immunogen. Hybridomas giving positive results were screened by IHC with formalin-fixed and paraffin-embedded tissue sections of H. pylori-infected rat liver as well as human stomach (from patient no. 9) and gastric lymph nodes (from patient no. 27) from which a large number of H. pylori were cultured. H. pylori-infected rat liver was obtained by intravenous infection of 30 mg of heat-killed H. pylori to female Sprague-Dawley rats (CLEA Japan Inc.) 3 h before being killed. Finally, the hybridoma producing the antibody that generated the most specific reaction products on the human tissue sections was selected and cloned by two rounds of limiting dilution. A single hybridoma clone was then implanted in the intraperitoneal space of the severe combined immunodeficiency mice (CLEA Japan Inc.). At 1 week before the implantation, these mice were injected with pristane (Sigma-Aldrich Co., MO, USA). At 1 or 2 weeks after the implantation, ascites were collected and used as an undiluted mAb without further purification. The antibody (IgG3, k) was named TMDU-mAb in the study.
IHC
All samples were examined by IHC, and the results obtained using the TMDU-mAb, the mouse anti-H. pylori mAb (clone 4H3.2; Chemicon, CA, USA), and the rabbit anti-H. pylori pAb (DAKO, Glostrup, Denmark) were compared. Histologic sections (4 mm thick) were cut from formalin-fixed and paraffin-embedded tissue samples and mounted on Silanecoated slides (Muto Pure Chemicals Co. Ltd., Tokyo, Japan). After the sections were deparaffinized and rehydrated, they were microwaved (Microwave Processor H2850; Energy Beam Sciences Inc., CT, USA) in 10 mM citrate buffer (pH 6.0) for 1 h at 991C. The sections were then treated with 3% hydrogen peroxide in methanol for 30 min. The sections were first incubated with normal horse serum (Vectastain Universal Elite ABC Kit; Vector Laboratories, CA, USA). Subsequently, the sections were incubated overnight at room temperature with either of the appropriately diluted antibodies (TMDU-mAb 1:8000, Chemicon-mAb 1:2000, and DAKO-pAb 1:1000, respectively) in a humidified chamber. The sections were then incubated for 30 min with biotinylated horse antibody, which recognizes rabbit and mouse IgG (H þ L) (Vectastain Universal Elite ABC Kit), followed by 30-min incubation with streptavidin-peroxidase complex (Vectastain Universal Elite ABC Kit), both at room temperature. Before and after each step, the sections were washed in phosphate-buffered saline (PBS) containing 0.25% Tween-20 (T-PBS). The signal was developed as a brown reaction product using peroxidase substrate 3,3 0 -diaminobenzidine tetrahydrochloride (Histofine Simplestain DAB Solution; Nichirei Bioscience, Tokyo, Japan). All specimens were counterstained with Mayer's hematoxylin. The IHC results were considered to be positive when 10 Finally, sections were coverslipped with fluorescence mounting medium (DAKO). Stained sections were observed and photographed using a microscope BZ-9000 (Keyence, Osaka, Japan).
Immunoelectron Microscopy
The same samples used in the fluorescence double staining were further analyzed by immunoelectron microscopy.
Paraffin sections (6 mm thick) were processed in the same manner as for immunoperoxidase staining until the secondary antibody reaction. Subsequently, sections were H. pylori in the gastric and nodal macrophages T Ito et al fixed with 2% glutaraldehyde for 5 min on ice and incubated with peroxidase substrate (Histofine Simplestain DAB Solution). After several washes with PBS, sections were post-fixed with 0.5% OsO 4 for 60 min and washed again with PBS. After dehydration, sections were embedded in Epon. For flat embedding, gelatin capsules filled with Epon were positioned upside down exactly on the section areas that had been selected using parallel sections treated for IHC. After polymerization, the Epon blocks with tissue were peeled from the glass slides by heating. For precise trimming of the Epon blocks, small tissue areas (1 Â 1 mm 2 ), which were readily identifiable under reflective light on the surfaces of the blocks, were selected. Ultrathin sections were cut on a Reichert Ultracut S (Leica Microsystems Heidelberg GmbH, Mannheim, Germany) and collected on Maxtaform grids (Pyser-SGL Ltd., Kent, UK). The sections were stained with lead citrate and examined using an H-7100 electron microscope (Hitachi High-Technologies Co., Tokyo, Japan).
Specificity of Anti-H. pylori Antibodies by ELISA and Western Blot
The specificity of the TMDU-mAb, Chemicon-mAb, and the DAKO-pAb was examined by ELISA and western blot with 3 strains of H. pylori used as the immunogen, 2 strains of other Helicobacters (H. hepaticus and H. bilis) and 10 strains of other control bacteria (Campylobacter coli, C. jejuni, Vibrio parahaemolyticus, Escherichia coli, Salmonella enteritidis, Bacteroides fragilis, Staphylococcus epidermidis, Streptococcus sanguis, Mycobacterium tuberculosis, and Propionibacterium acnes). Whole bacterial lysate was prepared from each bacterium by sonication on ice with an ultrasonic homogenizer (VP-5S ULTRA S homogenizer; Taitec, Koshigaya, Japan) twice at level 6 for 1 min. Lipopolysaccharide (LPS) was purified from the three strains of H. pylori with a kit (LPS Extraction Kit; iNtRON Biotechnology, Seongnam, Korea) according to the manufacturer's instructions.
ELISA was performed as follows. Flat-bottomed 96-well NUNC-immuno plates (Nalge Nunc International, Roskilde, Denmark) were coated with bacterial lysate (5 mg per well) in carbonate-bicarbonate buffer (pH 9.6) for 90 min at 371C. The mAb or pAb was serially diluted in T-PBS and added to each well, and the plates were incubated for 90 min at 371C. After incubation, they were incubated for 30 min further with biotinylated rabbit anti-mouse immunoglobulins (DAKO) or biotinylated swine anti-rabbit immunoglobulins (DAKO), and then for 30 min with horseradish peroxidase-conjugated streptavidin (DAKO), both at room temperature. Before and after each step, the plates were washed with T-PBS. After the reaction, citrate phosphate buffer (pH 5.4) containing 0.3% o-phenylenediamine dihydrochloride (Sigma-Aldrich Co.) and 0.012% H 2 O 2 were added to each well, and the plates were incubated for 15 min at room temperature in the dark. The reaction was stopped by adding 25 ml of 2 M HCl to each well. The plates were read at 490 nm on Bio-Kinetics Reader (Bio-Tek Instruments Inc., VT, USA). Assay results were determined to be positive when a titration curve was unequivocally formed.
Western blot was performed as follows. Whole bacterial lysate and purified H. pylori LPS were separated by SDSpolyacrylamide gel electrophoresis using 12% polyacrylamide gel. All samples were transferred electrically to a polyvinylidene difluoride membrane with Mini Trans-Blot cell (Bio-Rad, Tokyo, Japan). Membranes were blocked overnight at 41C with Block Ace (DS Pharma Biomedical Co. Ltd., Osaka, Japan). Membranes were then incubated for 90 min at room temperature with the appropriately diluted antibodies (TMDU-mAb 1:8000, Chemicon-mAb 1:2000, and DAKOpAb 1:1000). Membranes were incubated for 30 min with biotinylated rabbit anti-mouse immunoglobulins (DAKO) or biotinylated swine anti-rabbit immunoglobulins (DAKO) and then for 30 min with horseradish peroxidase-conjugated streptavidin (DAKO), both at room temperature. Before and after each step, the membranes were washed in T-PBS. Finally, all blots were visualized by freshly prepared 1 M Tris-HCl (pH 7.5) containing 0.02% 3,3 0 -diaminobenzidine tetrahydrochloride (Sigma-Aldrich Co.) and 0.006% H 2 O 2 .
Real-Time PCR Formalin-fixed paraffin-embedded tissue blocks were sliced 4 mm thick and placed in sterilized 1.5 ml centrifuge tubes. To prevent sample-to-sample contamination, a different microtome knife for each sample was used. The DNA of each section was extracted with a Dexpat kit (Takara Shuzo, Kyoto, Japan) according to the manufacturer's instructions. Bacterial DNA was extracted with a QIAamp for DNA Mini Kit (Qiagen, Hilden, Germany) according to the tissue protocol of the manufacturer's instructions. Real-time PCR was performed to amplify fragments of 16S ribosomal RNA of H. pylori. The primers used were HP-F, 5
0 -GGGCTTA GTCTCTCCAGTAATGCA-3 0 and HP-R, 5 0 -GAGTTTTA ATCTTGCGACCGTACTC-3 0 , and the TaqMan probe was HP-P, 5 0 -CTAACGCATTAAGCATCCCGCCTGG-3 0 . The probe was labeled with 6-carboxyfluorescein on the 5 0 -end and 6-carboxytetramethylrhodamine (TAMRA) on the 3 0 -end. Real-time PCR mixtures contained 5 ml of template DNA, 100 nM concentrations of each primer, a 40 nM concentration of the probe, and Absolute QPCR ROX (500 nM) Mix (ABgene, Epsom, UK) in a total volume of 50 ml. Amplification and detection were performed with a detection system (ABI PRIZM 7900HT Sequence Detection System; Applied Biosystems, CA, USA) with the profile of 951C for 5 min and then 50 cycles of 951C for 15 s and 601C for 1 min. The amount of bacterial DNA in the samples was estimated from internal standard samples of serially diluted bacterial DNA. The amount of bacterial DNA was expressed in terms of the number of bacterial genomes, with 1.25 Â 10 10 Da per genome used in the conversion. Negative controls without bacterial DNA were included in every PCR; background values were always less than one genome. Samples with one or more bacterial genome were considered to have positive results. Total number of H. pylori in a single 4-mm-thick tissue section was obtained by multiplying the assay result by 40 times. The specificity of PCR for H. pylori was examined. Real-time PCR for H. pylori DNA was performed with quintuplicate samples of 10 pg DNA from each strain of bacteria, including H. pylori, H. hepaticus, and H. bilis, and other control bacteria as described before.
Grading of Gastritis
Formalin-fixed and paraffin-embedded tissue sections (4 mm thick) of the gastric corpus and antrum were stained with hematoxylin and eosin. Chronic inflammation, PMN neutrophil activity, glandular atrophy, intestinal metaplasia, and H. pylori density of the gastric mucosa were classified into four grades (0, absent; 1, mild; 2, moderate; and 3, marked) and overall results were evaluated by a single pathologist (DK) according to the updated Sydney System. 24 
Statistical Analyses
The frequency of samples with H. pylori detected by the Chemicon-mAb or the DAKO-pAb was compared with that detected by the TMDU-mAb using the exact McNemar's test. The strength of the independent relationships between the number of H. pylori genomes detected by PCR (dependent variable) and the IHC results for each location (independent variables) was expressed as the multivariate Spearman's rank correlation coefficient (r), where the independent variables were selected by the STEPWISE procedure with a P-value less than 0.10 for entry and removal; the statistical adjustment was also carried out for the potential confounding effects of clinicopathologic characteristics (Table 1) selected by the STEPWISE procedure. Such analyses were repeated to examine the independent relationships between the histologic grades by the Sydney System (dependent variable) and the mucosal density or location of H. pylori (independent variables); and between the results from the lymph nodes (dependent variable) and the mucosal density or location of H. pylori (independent variables). The STEPWISE multiple logistic regression analysis was also performed for binary dependent variables using standard methods, but the results were essentially comparable with those by the multivariate Spearman's rank correlation analysis and therefore only the results of the multivariate Spearman's rank correlation analysis are shown. A two-sided P-value less than 0.05 was considered statistically significant. All analyses were performed using the SAS statistical package (version 9.1; SAS Institute, NC, USA).
RESULTS

Specificity of the Methods for Detecting H. pylori
The specificity of the methods is shown in Table 2 . PCR for H. pylori detected all strains of H. pylori with minimum cross-reactivity with other Helicobacters and no cross-reactivity with the control bacteria. The TMDU-mAb and Chemicon-mAb reacted with all strains of H. pylori and no cross-reactivity was found with the other Helicobacters and the control bacteria. The DAKO-pAb cross-reacted with H. hepaticus. The TMDU-mAb recognized an H. pylorispecific epitope of the LPS commonly shared by all three strains of this bacterium (Figure 1) . The Chemicon-mAb and DAKO-pAb did not react with the LPS, but reacted with at least one protein on the membrane with the whole bacterial lysate.
Detection of H. pylori by Real-Time PCR, IHC, and Culture Results of PCR in samples from the gastric corpus and antrum and from the two groups of gastric lymph nodes (nos. 3 and 4d) are shown in Table 3 . H. pylori was not detected in the stomach or lymph nodes from five patients (nos. 29, 31, 32, 36, and 46). In the remaining 46 patients, H. pylori was detected in samples from the corpus of all patients, from the antrum of 38 (79%) patients, from the no. The results of H. pylori detection by IHC with the TMDUmAb in tissue sections from the stomach and lymph nodes are shown in Table 3 . In the five patients in whom PCR failed to detect H. pylori in the stomach, IHC also failed to detect the bacterium in any location of the stomach or lymph nodes. In the 46 H. pylori-positive patients, the bacterium was found not only in the mucous layer but also in cells scattered in the lamina propria and in the parietal cells, in both the corpus and antrum (Figure 2 ). In the lymph nodes, Figure 2 IHC with the TMDU-mAb of the stomach and gastric lymph nodes. Clusters of cells with intracellular H. pylori were widely distributed within the lamina propria, and were especially abundant just below the superficial epithelial cell layer of the antrum (a) and corpus (b). Higher magnification shows multiple round and various-sized immunoreactive particles in cells within the lamina propria of the antrum (c) and corpus (d). Several immunoreactive particles or rods (inset) were found in epithelial cells of the fundic glands (e). Hematoxylin counterstaining with intensified eosin shows that the immunoreactive particles in the fundic glands (the color changed a little) are located in the parietal cells (f). In the lymph nodes, H. pylori-positive cells were clustered at the paracortical area (g) and were morphologically similar to those found in the lamina propria (h). H. pylori-positive cells were rarely observed in the lymphatic sinus and a few cells with several immunoreactive round particles (g, inset) were found in the four samples from H. pylori-positive patients. Bars ¼ 30 mm.
the bacterium was found in cells scattered in the paracortical area and rarely in the lymphatic sinus. Detection frequencies of H. pylori by IHC with the TMDU-mAb are shown in Table  4 , and are compared with those by IHC with the ChemiconmAb or the DAKO-pAb. The detection was most clear and frequent with the TMDU-mAb (Figure 3 ). Using TMDUmAb, H. pylori was detected in the mucous layer, lamina propria, and parietal cells of the corpus and/or antrum from 40 (87%), 39 (85%), and 21 (46%) of the H. pylori-positive patients, respectively. H. pylori was found in the paracortical area of the nos. 3 and 4d lymph nodes from 24 (52%) and 17 (37%) of such patients, respectively, but rarely in the lymphatic sinus.
The results of culture for H. pylori from a fresh lymph node taken from the no. 3 lymph nodes before gastrectomy during surgery are shown in Table 3 . Culture of samples from all H. pylori-negative patients was unsuccessful. The culture was successful in samples from 21 (46%) of the H. pyloripositive patients. The median quantity of H. pylori was 380 (250, 1200) (CFU/g).
Correlation between the Results by PCR and IHC
The correlation between the PCR and IHC results from the 46 H. pylori-positive patients was examined by multivariate analysis (Table 5 ). In the corpus, positive IHC of the mucous layer and the parietal cells independently correlated with the PCR results (r ¼ 0.55 and 0.62, respectively). In the antrum, positive IHC of the mucous layer correlated with the PCR results (0.78). Positive IHC of nos. 3 and 4d lymph nodes correlated with the PCR results (0.75 and 0.74, respectively). In the eight patients with negative PCR of the antrum, IHC was not positive in any location of the antrum or in any group of lymph nodes (Table 3) . PCR was positive in all lymph node samples with positive IHC. Positive PCR but negative IHC was found in 10 and 11 samples from nos. 3 and 4d lymph nodes, respectively. These results indicate that IHC was specific, but less sensitive than PCR.
Mucosal Density or Location of H. pylori and Grades of the Sydney System
The correlation between the PCR or IHC results and the grades of the Sydney System was examined by multivariate analysis ( Table 6 ). The gastric PCR results (mucosal density of H. pylori) correlated with PMN infiltration of the corpus (r ¼ 0.53) and antrum (0.46), and with chronic inflammation of the antrum (0.56), whereas they inversely correlated with corpus glandular atrophy (À0.42) and intestinal metaplasia of the corpus (À0.39) and antrum (À0.32). Positive IHC of the lamina propria independently correlated with chronic Representative IHC results with the TMDU-mAb (left column), the Chemicon-mAb (middle column), and DAKO-pAb (right column) are compared in the mucous layer (ML, upper row), in the parietal cells (PC, second row), in the lamina propria (LP, third row) of the stomach, and at the paracortical area of the gastric lymph nodes (LNs, lower row), respectively. Although the detection frequency and staining intensity were different, the immunoreactive H. pylori was not different morphologically among these antibodies when they were detected in the mucous layer (a-c) or in the parietal cells (d-f). There were remarkable differences in the IHC results for intracellular H. pylori in the lamina propria (g-i) or in the lymph nodes (j-l). Many intracellular round particles were found with the TMDU-mAb (g, j), a few particles with the DAKO-pAb (i, l), and no reactivity with the Chemicon-mAb (h, k). Bars ¼ 10 mm.
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Correlation between the Results from the Stomach and the Gastric Lymph Nodes
Correlation between the results from the stomach and the gastric lymph nodes was examined by multivariate analysis ( Table 7) 
Phenotypes of H. pylori-Positive Cells
In all five samples from the stomach, all of the H. pylori-positive cells in the lamina propria were stained with anti-CD68 mAb, but not with anti-fascin mAb and anti-MPO pAb (Figure 4 ). H. pylori-positive cells stained with the anti-MPO antibody were observed in the surface mucous layer or in the spaces between epithelial cells, but not in the lamina propria. In all five samples from the lymph nodes, most of the H. pylori-positive cells were stained with anti-CD68 mAb, but a few such cells were stained with the anti-fascin mAb.
Immunoelectron Microscopy
Although detailed observation of the tissue structures was not possible in many samples examined because of the use of paraffin sections, localization of the immunoreactive deposits was identified in some samples. H. pylori in the mucous layer showed dense rim staining of a whole H. pylori organism and the staining result was consistent with the supposed distribution of bacterial LPS. The same rim staining was also found in the immunoreactive particles or rods in the parietal cells. In the H. pylori-positive cells located in the lamina propria and lymph nodes, the signals were found in phagosome-or megasome-like structures, and most of the bacteria found in these cells appeared to be degraded, showing immunoreactive materials varying in size, shape, and density.
DISCUSSION
In H. pylori-positive patients, H. pylori was captured by macrophages in the lamina propria of the stomach in 85% of the patients and in the paracortical areas of the gastric lymph nodes in 63% of the patients. The bacterial DNA was found in the lymph nodes of 80% of the patients. Culture for H. pylori from the lymph nodes was successful in 46% of the patients. These results suggest that H. pylori invades the gastric mucosa and translocates to the draining lymph nodes. Successful culture for H. pylori from the gastric lymph nodes provides evidence of bacterial translocation to the gastric lymph nodes. Contamination from the stomach is unlikely because the fresh lymph nodes for culture were obtained before gastrectomy during surgery. Bacterial 0  18 21 100  17  1  14  4  10  8  15  16 200  10  5  11  4  2  13  1  14  1040  11  3  12  2  6  8  10  1120  3  7  4  6  0  1 0  2  13  4230  10  3  9  4  3  10  11  815  6  5  6  5  1  1 0  3  6  989  2  4  2  4  0  6  15  360  5  10  3  12  1 rank correlation coefficient (r) of the histologic grades (dependent variables) with the PCR or IHC results (independent variables) selected by the STEPWISE procedure. The analyses were performed separately for corpus PCR, corpus IHC, antrum PCR, and antrum IHC. The correlation coefficients were also adjusted for clinicopathologic profiles selected from those in Table 1 by the STEPWISE procedure. The model R 2 included the effects of clinicopathologic profiles. For IHC variables, '+' was coded as 1 and 'À' as 0. e NS: not selected. a Multivariate Spearman's rank correlation coefficient (r) of the PCR, culture, or IHC results of the lymph node (dependent variables) with the PCR or IHC results of the corpus and antrum (independent variables) selected by the STEPWISE procedure. The analyses were performed separately for corpus PCR, antrum PCR, and IHC of the corpus and antrum. The correlation coefficients were also adjusted for clinicopathologic profiles selected from those in Table 1 by the STEPWISE procedure. The model R 2 included the effects of clinicopathologic profiles. For IHC variables, '+' was coded as 1 and 'À' as 0.
Intestinal metaplasia
H. pylori in the gastric and nodal macrophages T Ito et al translocation occurs frequently in humans. 25 Some believe that bacterial translocation may be a normal event, rather than a disease process, that is necessary to allow the gutassociated lymphoid tissue to generate immunocompetent cells. 26 In patients with gastric cancer, the normal mucosal barrier of the stomach may be disrupted by malignant tissue, but in the present study, positive culture was not correlated with the clinicopathologic data, including ulceration of the tumor and lymph node metastasis (data not shown). Because the H. pylori effector molecule VacA causes massive vacuolar degeneration of the epithelial cells, thus disrupting the gastric epithelial barrier, it is likely that translocation occurs in H. pylori-infected persons even without gastric cancer.
Successful detection of intracellular H. pylori was achieved by the novel anti-H. pylori mAb that was made for the current study. During hybridoma screening, we searched for H. pylori-specific antibodies that bound to the bacteria in the gastric lymph nodes because we had cultured H. pylori from the gastric lymph nodes before the screening. Detection sensitivity of the novel H. pylori-specific mAb (TMDU-mAb) for extracellular H. pylori was not significantly different from that of the commercially available anti-H. pylori antibodies used for comparison. There was a remarkable difference in the sensitivity for detecting intracellular H. pylori, which may have been due to differences in the antigens recognized by each antibody. The TMDU-mAb reacted with LPS, whereas the other antibodies reacted with a protein or proteins. LPS may be more resistant than proteins to intracellular digestion of phagocytes.
The presence of H. pylori-positive cells within the lamina propria from H. pylori-infected patients strongly suggests that H. pylori invades the gastric mucosa. H. pylori invasion into the lamina propria has been reported by several investigators. Andersen and Holck 16 reported that small amounts of immunopositive material were observed subepithelially in the lamina propria in biopsies from 13 of 34 H. pylori-infected patients. They used antibodies to H. pylori that were raised in rabbits by intravenous immunization of boiled bacteria. Mai et al 17 identified H. pylori cellular components in the lamina propria of antral biopsy specimens from H. pylori-infected patients. They used polyclonal rabbit antibodies to H. pylori whole bacteria and the 61 kDa subunit of H. pylori urease. Ko et al 19 found a few bacteria within the cytoplasm of a macrophage in the lamina propria using immunoelectron microscopy with the DAKO-pAb. Necchi et al 20 recently reported that H. pylori was detected inside cytoplasm of epithelial cells, in intraepithelial intercellular spaces, and in underlying lamina propria using immunoelectron microscopy with the six different antibodies, including the DAKO-pAb, directed against bacterial lysates, purified VacA, or purified CagA. The specification sheet of the DAKO-pAb describes that the antibody was prepared according to the original method by Andersen and Holck. 16 Many other investigators 27-31 also used the DAKO-pAb to show the usefulness of IHC for detecting extracellular H. pylori on the gastric mucosal surface, especially after eradication therapy. They did not comment about the detection of the bacterium in the lamina propria, however, probably because the immunoreactive signals were weak and infrequent, as shown in the present study.
All of the H. pylori-positive cells in the lamina propria and many such cells in the lymph nodes were stained with the anti-CD68 antibody (clone KP1), but not with the anti-fascin and anti-MPO antibodies. Only a few such cells in the lymph nodes were stained with the anti-fascin antibody. Anti-CD68 antibodies such as EBM11 32 react not only with macrophages but also with dendritic cells, but the KP1 antibody is reported to not react with dendritic cells. 33 Fascin is strongly expressed in interdigitating dendritic cells at the paracortical areas of the lymph nodes. 34 Thus, the results suggest that H. pylori-positive cells in the lamina propria are macrophages that have captured the bacterium and migrated, in other words translocated, from the stomach to the T-cell zones of the lymph nodes where active immune response occurs. A few H. pylori-positive dendritic cells in the lymph nodes suggest that a minority of H. pylori-positive monocytes in the lamina propria may carry the phagocytosed bacteria to the lymph nodes and differentiate into dendritic cells. 35 The presence of H. pylori captured by macrophages in the lamina propria correlated with the histologic grade of chronic inflammation in the gastric corpus and antrum. The correlation suggests that the H. pylori-positive macrophages may contribute to the induction and maintenance of chronic inflammation within the H. pylori-infected gastric mucosa. The presence of H. pylori in the gastric mucosa is associated with strong IL-12 production 36 and the presence of large numbers of Th1 cells. 37 Differentiation of naive T cells into activated Th1 cells requires the presence of IL-12, which is predominantly produced by macrophages rather than epithelial cells. Thus, it is likely that the H. pylori-positive macrophages within the lamina propria contribute to the accumulation of H. pylori-specific CD4 þ T cells by the strong IL-12 production of these macrophages. It is more likely that H. pylori was captured by subepithelial macrophages after invasion through the eroded or disrupted mucosal layer caused by H. pylori-induced epithelial cell damage. Indeed, H. pylori-positive macrophages were frequently clustered just beneath the epithelial cell layer. Further, IHC studies to locate the H. pylori-positive macrophages together with other immunocompetent cells or epithelial cells in identical histologic sections may allow us to test the hypothesis.
Whether H. pylori captured by macrophages is viable is not known. Several studies indicate that, although effectively ingested by professional phagocytes, H. pylori is more resistant to phagocytic killing than other Gram-negative bacteria. 38 In vitro studies demonstrate that phagocytosis of type I H. pylori by macrophages is delayed and that viable bacteria accumulate in larger than normal phagosomes, referred to as megasomes, which result from homotypic phagosome fusion. 39 Subsequent macrophage apoptosis might enable the escape of the bacteria. 40 In the present study, immunoreactive signals were found in megasome-like structures, but they seemed to be degraded because the signals were diffusely distributed and did not show the rim staining that is typical of whole bacteria, as observed for the extracellular H. pylori in the mucous layer. Alternatively, some of the immunoreactive round particles captured by macrophages may represent coccoid forms of H. pylori. Coccoid H. pylori maintains the same antigenic characteristics as the bacillary form. 41 In addition, experimental animal models indicate that the coccoid form of H. pylori reverts to the bacillary form and induces gastritis and ulcer. 42 Successful culture of H. pylori from the gastric lymph nodes suggests that some of H. pylori-positive macrophages at the paracortical areas may have carried coccoid forms of H. pylori. Wells et al 43 suggested that intestinal macrophages have a key role in transporting intestinal bacteria into the mesenteric lymph nodes. H. pylori-positive macrophages may contribute to transport the bacterium into the gastric lymph nodes. The close correlation between the H. pylori-positive cells in the lamina propria and the gastric lymph nodes also suggests the migration of such cells from the stomach to the lymph nodes. These macrophages carrying intracellular H. pylori might stimulate the adaptive immune response to the bacterium more intensely and efficiently in the lymph nodes than do the cells in the gastric mucosa.
Gastric mucosal density of H. pylori correlated with the grade of PMN cell infiltration rather than chronic inflammation. The bacterial density may reflect the number of bacteria attached to epithelial cells that cause PMN cell infiltration. The gastric mucosal density also correlated with the numbers of H. pylori by PCR or culture as well as with positive IHC in the lymph nodes. Dense colonization of H. pylori may damage the epithelial barrier more frequently and allows more bacteria, or more bacterial components including DNA, to enter the lamina propria and translocate to the lymph nodes directly without uptake by phagocytes or indirectly after capture by macrophages in the lamina propria.
In the antrum, but not in the corpus, the presence of H. pylori in the mucous layer correlated with the gastric mucosal density, and thus with the H. pylori status of the lymph nodes. The correlations confined to the antrum seemed to be associated with the status of intestinal metaplasia that was predominant in the gastric antrum. H. pylori is rarely observed on the gastric mucosa with intestinal metaplasia. 44 Bacterial translocation may be decreased in the stomach with advanced intestinal metaplasia. Such effect of intestinal metaplasia on H. pylori colonization was also reflected by the inverse correlation of gastric mucosal density with intestinal metaplasia. Similarly, glandular atrophy of the corpus contributed to the decreased mucosal density as well as the decreased frequency of H. pylori in the parietal cells.
On the basis of sensitivities of PCR and culture, the failure of PCR to detect H. pylori from five samples of the no. 3 lymph nodes with positive culture requires explanation. For culture, a single lymph node was sampled from no. 3 lymph nodes during surgery. After surgery, a paraffin block of the no. 3 lymph nodes that included all nodes along the lesser curvature except for the cultured lymph node was prepared and used for PCR. The lack of a strong correlation between the culture and PCR results may have been caused by the different samples used for each assay. Indeed, H. pylori-positive macrophages were observed in a few of the no. 3 lymph nodes from H. pylori-positive patients.
The presence of large spiral-shaped Helicobacter organisms within the cytoplasm of parietal cells is a common finding in several animal species, such as rhesus monkeys, 45 cynomolgus monkeys, 46 rats, 47 cats, and dogs. 48 Electron microscopic observation indicates that these organisms in those animals reside within dilated intracellular canaliculi of parietal cells. 49 The existence of H. pylori in the parietal cell canaliculi in humans has also been reported. 14, 50, 51 The results of an ultrastructural quantitative study reported by Taniguchi et al 52 indicated that there was nearly one H. pylori per 100 parietal cells, and all of the H. pylori in the canaliculi appeared intact. Using immunoelectron microscopy, we found H. pylori in the parietal cell canaliculi that were morphologically similar to those found deep in the glands or in the mucous layer. These bacteria appeared intact, as evidenced by the rim staining of the immunoreactive particles, which is consistent with the LPS distribution of a whole H. pylori organism in the mucous layer. Furthermore, the presence of H. pylori in the corpus parietal cells correlated with gastric mucosal density as well as the grade of H. pylori density. H. pylori in the parietal cells may not be true intracytoplasmic invasion into epithelial cells, because the intracellular canaliculi continue to the lumen deep in the glands. Even by IHC with the TMDU-mAb, intracellular invasion into gastric epithelial cells was not identified, apart from the pseudoinvasion into parietal cells. Although the physiologic significance of H. pylori in the parietal cell canaliculi is not yet clear, several reports demonstrate that H. pylori infection is responsible for alterations in gastric physiology. 53 The findings of the present study indicate that H. pylori does invade the gastric mucosa and translocates to the gastric lymph nodes. The observation of many H. pylori captured by macrophages in the lamina propria as well as in the lymph nodes suggests that H. pylori-specific T cells can be primed and maintained within these regions. On the basis of a recent animal study, Nagai et al 54 suggested that Peyer's patches have a critical role in priming CD4 þ T cells and that H. pylori is captured by dendritic cells in Peyer's patches or mesenteric lymph nodes where dendritic cells migrate after capturing antigens. Dendritic cells degrade proteins inefficiently, thus preserving the antigenic information contained in peptides. Macrophages are equipped to eliminate pathogens efficiently because of their high degradative phagosomal capacity, but under certain conditions, they can also process antigens to stimulate T cells. 55 As the exposure of immunocompetent cells to the bacterial antigens is far larger in the stomach than in the terminal ileum, it seems likely that H. pylori-positive macrophages in the lamina propria have more critical roles in priming T cells than do H. pylori-positive dendritic cells in Peyer's patches. Moreover, frequent translocation of H. pylori and/or H. pylori-carrying macrophages to the gastric lymph nodes may chronically stimulate the immune system, which then continuously provides H. pylori-specific T cells to the lamina propria. Chronic stimulation of the immune system may also lead some predisposed patients to various extragastric diseases associated with H. pylori infection. 56 Future studies are required to elucidate the immunologic and pathologic contributions of these H. pylori-positive macrophages in the lamina propria and gastric lymph nodes.
